Cell lines of baby hamster kidney (BHK 2I), green monkey kidney (Veto, MA I34), rhesus monkey kidney (MA IO4), and rabbit kidney (MA I I I) were found suitable for titration and multiplication of arboviruses. Plaque characteristics of 52 arboviruses and 2o virus strains and titres of some of them in BHK 21 and other cell lines were established, using one type of serum-free standard overlay and standard maintenance medium. However, the addition of cortisol or other compounds was necessary to prolong survival of BHK 21 cell sheets, and induce or improve plaque formation.
INTRODUCTION
Many studies of plaque formation by arboviruses have been described since the first report by Dulbecco (1952) . At first chicken fibroblasts and later various cell lines were used more or less successfully. In general, good results were obtained with members of the sero]ogical group A of arboviruses and several other viruses. However, plaque formation was irregular with group B viruses and results were often not reproducible in different laboratories. The appearance of Macpherson & Stoker's (I962) baby hamster kidney cell line (BHK 21) at first complicated the situation. Practically all the semi-solid overlays and varieties thereof described in the literature have been tested by the present authors between I962 and 1967. Some of the overlays were suitable for some viruses but not for others. The situation changed decisively when Miles & Austin 0963) discovered that difficult arboviruses form plaques more readily under a nutritionally rich than under a poor overlay. Basing our work on this finding we attempted during our 5-year study to develop a standard overlay and a standard maintenance medium suitable for plaque formation and multiplication of many arboviruses in several cell fines.
METHODS
Cell lines. The baby hamster kidney cells, BHK 21 clone 13, were kindly supplied twice by Dr I. Macpherson. The first batch which arrived in the summer of 1962 had been cultivated for 98 generations within 49 days. This batch subsequently underwent 2oo passages in our laboratory. The second batch, having been passaged 55 times, was received in the fall of I965 and has been subcultivated 45 times since.
The Veto cell line (green monkey kidney) was developed by Yasumura & Kawakita (1963 Microbiological Associates green monkey kidney, 2znd pass., used between z3 to IOO pass.
Microbiological Associates rhesus monkey kidney, 26th pass., used between 27 to too pass. Microbiological Associates rabbit kidney, 58th pass., used between 59 to 14o pass. Wistar diploid, Izth pass., used between i3 to 30 pass.
Moorhead, 1961) was cultivated in Hayflick's original medium prepared with powdered medium (BME diploid) from General Biochemical Inc., Grand Rapids, Mich., U.S.A., and treated otherwise exactly in the way suggested by Hayflick, Jacobs & Perkins (1964) . For maintaining the stocks all cell lines were grown in 3 oz prescription bottles closed with silicone-rubber stoppers. For plaque titration 3o ml. disposable Falcon plastic flasks were used (Gateway International, lO7 N. Virgil Avenue, Los Angeles 9o04, U.S.A.). All viruses were propagated either in closed prescription bottles or Pyrex flasks (7 ° mm. diameter, I8o mm. long, surface area about 400 cm. 2) in roller drums. Details of volumes of medium, approximate number of cells seeded and harvested, and periods of growing times are summarized in Table I . All cell lines, with the exception of the WI-38, were trypsinized at room temperature with o'25 % trypsin in tris buffer (Macpherson & Stoker, 1962) adjusted with N-HCI to pH 8-o. Silicone rubber policemen were used to scrape cells from the glass if necessary. The cells were well mixed by pipetting before counting. The WI-38 strain was handled identically but the trypsin solution was used for IO min. at 37 °.
Preparation of the standard overlay and maintenance medium. Lactalbumin hydrolysate (Difco) zo g. +yeast extract (Difco) 6.6 g. was dissolved by heating slightly in 2o0 ml. redistilled water; 5o0 ml. Eagle's medium with double concentration of salts Procedure. The medium from flasks with confluent cell sheets was sucked off, the cell sheet washed once with PBS, and o.2 to o'5 ml. of the virus sample suspension added. After 2 hr incubation at 37 ° the virus suspension was sucked off and 6 or 8 ml. overlay added. The caps of the flasks were loosened and the flasks put in the incubator (37 ° ) on glass-bottom shelves. Enough CO, was supplied to maintain an orange colour in the overlay as long as possible.
The standard overlay prepared with o'5 % agarose was so clear that plaques could readily be counted without any staining of BHK 2I, Vero, and WI-38 cell sheets. MA io4, Ill, and I34 were stained by adding 3 ml. of a second standard overlay containing o-o2 % neutral red, about 5 days after the first. The o'5 % agarose may be replaced by 1% Noble agar. The glass bottom of the shelves facilitated quick inspection for plaques.
Propagation of viruses.
The growth medium from roller flasks with confluent cell sheets was removed, the cell sheets washed once with PBS, 0"3 to 1"o ml. of the virus sample suspension and 50 ml. standard maintenance medium added. The tightly closed flasks were rolled at 37 ° without any addition of COs until cytopathology was evident.
RESULTS
Fifty-two viruses and 20 virus strains were tested using the serum-free standard overlay and serum-free maintenance medium (Table 2) . In general the cell lines BHK 21, Vero, MA lO 4, and MA I I I were suitable for plaque formation. However, the Vero cells were better than the BHK 2I for Dengue IV, Carapar6, Lukuni, Junin, Tacaribe, Anopheles B, Caraparfi-like and Pacui. The MA lO4 and MA I I I were particularly useful for titration of Dengue III and IV. Tests with the cell lines MA 134 gave no better results than the other cell lines with Dengue I, II, yellow fever IVIC I~ and produced no plaques with the viruses 35, 36, 46 to 49, 67 and 69 to 71 . Similarly, the cell line WI-38 developed no plaques with viruses 2, I3 to 21, 29, 3 O, 34, 39 to 42, 44, 45, 48 , 62 and 67 to 72 , and very poor plaques with viruses 22, 27 and 28. There were not only considerable differences in plaque characteristics of viruses but also different appearance of plaques of some viruses in different cell lines (Table 2 ). Such differences may be useful as markers. Of the 52 viruses and 20 virus strains only 3, Nariva, Ieri and Aruac, did not produce plaques in any of the cell lines. However, Nariva multiplied in BHK 2I cells without cytopathogenicity. A comparison of virus titres of baby mouse brain preparations (Table 2) indicated that the titres of practically all viruses were higher in baby mouse brain than in cells. Significant exceptions were Ilheus, St Louis, Oriboca, Wyeomyia, and Junin in Veto, and Wyeomyia in MA lO4 cells. The titres of some viruses grown in the standard serum-free maintenance medium are given in Table 3 . No differences of susceptibility or multiplication rate were observed in BHK 2I passages 6o to 20o of the viruses listed in Table 2 .
BHK 21 cell sheets required the addition of cortisol (o'25 #g./ml.) to the serum-free standard overlay or maintenance medium for the formation of plaques and multipli- Table 2 were tested in all cell lines. Furthermore, the BHK 21 cell line was available years earlier than the Veto cells and was used more than the other cell lines. Therefore a comparative evaluation is not possible. However, the results indicate that at least the BHK 21 and the Vero cell lines are very useful for titration of many arboviruses. The appearance and readability of plaques of all viruses tested, with the exception of the Tacaribe group, were much superior in BHK 21 than in Veto cells. However, BHK 21 cells are more difficult to keep alive under overlay than other cell lines. It is important to follow in detail the method described above. Particularly the number of seeding cells must always be carefully controlled since BHK 21 cells multiply faster with increasing passages. Any crowding of cells, especially in higher passages, will decrease their survival value and suitability for production of plaques. Confluent cell sheets of BHK 21 (about 3 days old) will stay alive about 4 to 5 days under the serum-free overlay or in maintenance medium without IT-hydroxycorticosteron (cortisol, CIBA), but 9 days with cortisol (0"25/,g./ml.).
A similar effect may be obtained by the addition of any of the following compounds: 2"5 #g./ml. of I7-methyltestosterone (Dianabol, CIBA), Io/,g./ml. of 2o-methylcholanthrene, o-oo5 #g./ml. actinomycin D, or IO #g./ml. of iododeoxyuridine. This is somewhat surprising because some of these components are known to be toxic or to inhibit virus multiplication and plaque formation in higher concentrations. It is of interest that only BHK 2I cells and not the other cell lines were influenced by the chemicals mentioned above, which is in favour of the use of BHK 21 cells for metabolic studies.
The main importance of the compounds mentioned above is the prolongation of the survival time of BHK 21 cell sheets. However, they also stimulate and considerably improve plaque formation particularly of arboviruses of the serological group B. In the presence of the compounds the periphery of the plaques is much better defined than without them.
The replacement of serum with bovalbumin is important for two reasons: (I) it guarantees easily reproducible conditions which is not possible using different lots of serum; (2) the use of bovalbumin (V. fraction) eliminates completely any possibility of antibody reactions or other types of interference.
The usefulness of BHK 21 cells using a serum-containing medium for multiplication and titration by cytopathic effect of 129 arboviruses has been previously pointed out by Karabatsos & Buckley (I967) . Most of their multiplication and cytopathic-end-point titres were higher than ours. This might be due to differences of virus source and history and/or the use of a serum-free medium by us. Table 2 . Plaque formation by arboviruses 283 man, 1965; Wicks, Greenman & Kenney, 1965 and Greenman, Wicks & Kenney, I965) . Kilbourne, Smart & Pokorny (1961) found that cortisone inhibits synthesis and action of interferon, whereas De Maeyer & De Maeyer (1963) described inhibition and enhancement of interferon synthesis and activity depending on the time of addition of cortisone. Similarly, Mendelsohn & Finland (1966) reported that peritoneal cell explants produced much more interferon in the presence of cortisone, but the latter had no effect in vitro. Of considerable interest is an investigation of Fern~indes (I959) who found that after irradiation with 6°cobalt human cell lines either became susceptible to blue tongue virus or produced more virus accompanied by an earlier cytopathic effect. Irradiation also induced the formation of giant cells. Our own preliminary studies (Herbig & Bergold, unpublished) revealed that cortisol also induced multiplication of giant cells in BHK 21 cell sheets. Such giant cells survive longer than the fibroblast type of cells. We are presently investigating whether the induced giant cells are mainly responsible for plaque formation of arboviruses in BHK 21 cell sheets.
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Mayaro 3 8-o -- -- Mucambo T 3 8"3 -- -- Paramaribo 3 7'8 -- -- Pixuna 3 8.2 -- -- Una C 3 6"7 -- -- VEE G 2 8"o -- -- Bussuquara P 3 5" i -- -- Bussuquara C 3 5" t -- -- St. Louis 2 6-3 -- -- YF 17 DE 5 7 "I -- -- YF French N 5 7"4 -- -- YF IVIC I 4 3"4 -- -- YF IVIC 2 4 3"6 -- -- YF JSS 4 5"6 -- -- YF Manera 5 4"9 -- -- Oriboca T 3 5"4 -- -- Restan 3 6"3 -- -- Cache Valley 5 6'0 -- -- Guaroa S 5 4"2 4 4q Kairi 5 2.i 5 3"7 Wycomyia C 7 5"3 -- -- Melao 5 4'0 -- -- Changuinola 3 8"8 -- -- Catu 4 5'8 -- -- Bimiti 4 4"o -- -- Guama 4 3"2 -- -- Manzanilla 4 4"9 -- -- Oropouche 4 6"2 -- -- Tacaribe 8 3"5 9 3"9 Junin -- -- 9 3" I Amapari -- -- 9 4"8 Cocal 2 7'8 -- --
